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Our previous reports described the resistanceincreasing activity and some toxic manifestations following the oral or parenteral administration of a crude cell wall preparation from Mycobacterium phlei (5, 6) . The preparation was characterized as being unlike previously described substances, such as the bacterial endotoxins, which modify host reactivity to heterologous bacterial infection. This conclusion was based upon several factors, including differences in the rate of development and persistence of increased reactivity, and the oral efficacy of the M. phlei extract. In addition, solvent techniques, commonly used in the isolation of other bacterial substances, failed to yield a biologically active material from the intact M. phlei cells.
Another form of this material, obtained by sequential exposure of the crude extract to ribonuclease and trypsin, has also been shown to modify host reactivity. Halpern and his co-workers (1, 8, 9, 10) demonstrated that the injection of this preparation into mice results in a state of increased resistance to bacterial challenge and experimental tumors. In addition, they showed the ability of this material to influence reticuloendothelial function, as measured by cytological changes and accelerated blood clearance of inert particles. Studies in our laboratory (5) have also shown that this enzyme-treated preparation modifies resistance to heterologous bacterial infection and induces a prolonged hyperplasia of the reticuloendothelial elements.
Since these M. phlei cell wall preparations obviously were crude mixtures, effective means were sought for their purification. The (17) , and, after acid hydrolysis, reducing sugars were determined by the method of Folin and Malmros (4). The Lowry method (14) was used to determine protein content, the method of Fiske and SubbaRow (3) for phosphorus, and that of Johnson (11) for nitrogen analysis. Nucleic acids were isolated with hot trichloroacetic acid according to the fractionation scheme described by Park and Hancock (15) . Ether-soluble lipids were determined by exhaustive ether extraction of a lyophilized sample of the hot trichloroacetic acid-insoluble residue. The remaining residue was hydrolyzed with 2 N HC1 to release bound lipids and was again extracted with ether. The ether extracts were combined, the ether was evaporated, and the dry weight of the residues was determined.
Measurement of water intake. Animals treated with M. phlei extracts were allowed immediate access to drinking water in calibrated vessels. Measurements of water intake were made during the 16-hr interval between 4 PM and 8 AM. Statistical analysis of 63 control groups of 10 mice each gave a range of 5.50 to 6.96 ml of water per mouse at the 99.9% confidence level (Student's t test). Since no controls have been observed outside of this range, a value below the 5.50-ml level is considered as a significant depression of water intake.
RESULTS
The data shown in Tables 1 and 2 are representative of experiments in which the soluble extract from M. phlei was administered orally or subcutaneously (sc) to mice 8 days prior to challenge with S. enteritidis. Oral doses as low as 1.5 X 10-4 ,ug conferred significant protection.
Although sc treatment was also effective, it failed to induce the same level of increased resistance seen after oral administration, and the response was more erratic. As previously reported (6), substances evaluated in this test system do not ordinarily evoke a dose-related response. This No gross toxicity, including pyrogenicity, has been observed after either oral or parenteral administration of this extract. We have previously shown (7) that the precursor crude extract inhibits the water intake of mice after the administration of single ip or multiple oral doses. As shown in Table 6 , purification of the crude material, as described in this report, also results in the loss of this manifestation of acute toxicity. The doses used in these experiments were equivalent, based upon yield of solids. However, our previous report showed (7) that inhibition of water intake is seen with lesser doses of the crude material, of the same order of magnitude as those used for the soluble extract in Table 6 . DIscussIoN We previously reported on the ability of a crude cell wall preparation from M. phlei to modify host resistance to heterologous bacterial challenge (6) . Single oral or parenteral doses of this material were found to increase the resistance of mice and guinea pigs to experimental infection with S. enteritidis, and of mice to S. aureus. This state of increased reactivity was most evident several days after treatment and persisted for several weeks. Histological examination of the organs of mice treated orally or ip showed a persistent lymphoid hyperplasia of the spleen and Kupffer cell proliferation in the liver. The preparation was not lethal to mice by the oral route at doses up to 5,000 mg/kg, and the ip LD55 was approximately 680 mg/kg.
These factors indicate that the crude M. phlei preparation may be different from other known host resistance-increasing agents. For example, our studies and those of others (2, 18, 19) have shown a prolonged time course of development and duration of increased reactivity after the administration of mycobacterial extracts. On the other hand, as shown by Landy (13), the development of increased resistance after treatment with bacterial endotoxins manifests itself within hours and is markedly diminished within a few days. In addition, a comparative evaluation of zymosan, malucidin, mucin, native dextrans, pneumococcal polysaccharides, and endotoxins (12) demonstrated that maximal protection with any of these substances was seen only in groups treated up to 48 hr prior to infection. The oral efficacy of the crude M. phlei preparation was also indicative of differences between this material and other substances which modify host resistance.
Our data indicate that the soluble M. phlei extract, reported here, contains the resistanceincreasing activity of the precursor crude cell wall preparation. The soluble material demonstrated a full retention of oral efficacy and, like the crude extract, did not elicit a dose-related response in mice against S. enteritidis. In addition, in that test system, higher doses of either preparation were usually of lower efficacy than lesser amounts. The time course of development and persistence of increased reactivity after oral administration of the soluble extract was similar to that previously seen with the crude material. However, the crude preparation showed maximal biological activity only during a 7 to 11 day period after treatment, whereas the soluble extract induced an earlier and more prolonged period of maximal resistance. Increased reactivity was approximately the same in groups treated at 2 and 48 hr before challenge, and maintained a plateau of activity between the 8th and 23rd days after treatment. In contrast to these similarities, the soluble extract was effective by the sc route against S. enteritidis and was active in the antiviral test system, whereas the crude preparation was inactive by both of these parameters. These biological data, coupled with the loss of ability to depress water intake, indicate that the soluble M. phlei extract represents a separation of the biological properties from the toxic manifestations of the precursor crude cell wall preparation.
The general chemical analysis indicates that the soluble M. phlei extract is a complex preparation. Although the predominant components of the extract were found to be short-chain (ethersoluble) lipids consisting of several different fatty acids, it also contained significant proportions of carbohydrate, protein, and nucleic acids. It is indicated, therefore, that although the soluble extract represents a marked removal of total solids from the crude material, it may not represent the biologically active moiety from M. phlei in its purest form. Moreover, the presence of nucleic acids, or breakdown products, may be indicative of cytoplasmic contaminants in the preparation. As shown by Salton (16) , these substances have never been found within the cell wall structure of any microorganism. This does not imply, however, that they are not closely associated with the biological effects induced by the M. phlei extracts. Experiments are currently in progress in our laboratory to determine the association of these and other chemical components of the soluble extract with its biological activity.
As described above, we previously reported (7) that the ip injection of the crude M. phlei extract into mice results in a transient depression of water intake. It was also shown that continued daily treatment induced a refractoriness to this inhibition which was mediated by the development of macroglobulin antibody to the extract. The biological activity of the crude extract was neither lost nor increased after the same sequence of daily ip injections. Two possible explanations for these findings were given: only the first injection is responsible for enhanced host reactivity and subsequent doses, whether neutralized or not by antibody, contribute nothing further to modify resistance; or, alternatively, the site on the M. phlei substance responsible for depressed water intake, and apparently neutralized by antibody, may be unrelated to that responsible for enhanced host resistance. The apparent separation of the biologically active and toxic components, after urea extraction of the crude extract, strongly suggests that the latter hypothesis of separate sites is correct. Further support is offered by the lack of antigenicity of the soluble M. phlei extract. Although an antiserum to the crude preparation was readily prepared in rabbits, complement-fixation assays demonstrated little or no antibody to the soluble extract in rabbit serum after multiple injections in the presence of adjuvants.
The histological findings of a lymphoid hyperplasia and Kupffer cell proliferation indicate that, like the crude material (6), the soluble M. phlei extract effects an increase in host reactivity through alterations of phagocytic and immunological mechanisms. Further study of the effects of these preparations upon cellular and humoral factors is in progress.
